Abstract. Abdominal fat necrosis was diagnosed in an 11-year-old female pygmy goat with a 10-day history of lethargy, anorexia, and progressive abdominal distension. Gross necropsy findings revealed multiple firm, dark yellow, nodular masses of fat throughout the abdominal cavity, which compressed several abdominal organs including the rumen, small intestine, spiral colon, and gall bladder. Histologically, multiple to coalescing adipocyte necrosis, saponification, and infiltration with variable numbers of macrophages, lymphocytes, and plasma cells was observed. Fat necrosis in this case was attributed to tall fescue toxicity based on the presence of high levels of endophyte (Neotyphodium coenophialum)-infected fescue identified in the goat's pasture. This is the first known report of abdominal fat necrosis in a goat and demonstrates the fat necrosis syndrome of fescue toxicosis in ruminants.
Abdominal fat necrosis is a condition that has been reported in several species including cattle, 8, 10, 19, 22 pigs, 19 horses, 21 and Eld's deer. 23 The disease is characterized by the formation of diffuse masses of necrotic fat of various shapes and sizes located in the mesentery of the abdominal cavity. These masses eventually compress the gastrointestinal and urinary tracts, potentially leading to obstruction of viscous organs. Although the etiology of fat necrosis is unknown, it may be related to dietary factors such as the consumption of feeds high in long-chain, saturated fatty acids. 4 The condition has also been associated with ingestion of endophyteinfected fescue and is considered one of the 4 ''syndromes'' commonly associated with fescue toxicosis in ruminants. 11, 13, 18, 22, 23 The purpose of this report is to describe a case of abdominal fat necrosis in a goat.
The Food Animal Field Service of the North Carolina State University College of Veterinary Medicine (Raleigh, NC) was called to euthanatize an 11-year-old female pygmy goat with a progressive history of anorexia and abdominal distension. The goat had been housed all its life on a 3-acre pasture with 9-10 other goats of various breeds. It was vaccinated annually for Clostridium perfringens types C and D, tetanus, and rabies. It was also dewormed 3-4 times per year with either ivermectin or fenbendazole and dusted every summer with a pyrethrin compound. The goat was fed a 17% protein pelleted ration daily and had free choice access to a pasture that contained a mixture of coastal bermuda (Cynodon dactylon), orchard grass (Dactylis glomerata), and fescue (Festuca arundinacea). According to the owner the goat had become lethargic about 10 days previously. In addition to the lethargy the goat stopped eating and developed progressive abdominal distension.
On physical examination the goat could stand but was depressed. There was severe abdominal distension present on both sides of its abdomen, and rumen contractions were absent. The heart rate was elevated (104 beats/minute), but the respiratory rate (24 breaths/minute) and rectal temperature (38.7ЊC) were normal. Other than the severe abdominal distension and rumen atony, no other obvious abnormalities were detected. The goat was then euthanatized with an overdose of sodium pentobarbital as requested by the owner and submitted to the North Carolina State University diagnostic laboratory (Raleigh, NC) for postmortem examination.
At necropsy, 3 liters of yellow-colored fluid was present within the abdominal cavity, resulting in marked abdominal distension. Firm, dark yellow, multinodular masses were present within the abdominal cavity ( Fig. 1) , compressing several abdominal organs including the rumen, small intestine, spiral colon, and gall bladder. The entire gastrointestinal tract was largely devoid of contents. Dorsal to the urinary bladder, there was a fibrous encapsulated structure separated from the bladder by a dense septum.
Histologically, abdominal masses were characterized by necrotizing steatitis with saponification. Necrotic adipocytes exhibited basophilia and thickening of cell borders, dissolution of nuclei, basophilic granular material filling, and replacement of individual to small groups of adipocytes and associated foamy macrophages (Fig. 2) . The intestinal serosa showed a variation from lymphoplasmacytic and mild neutrophilic serositis to diffuse adipose necrosis and saponification. Hepatocytes had diffuse cytoplasmic vacuolation (lipid accumulation) with random, individual hepatocellular necrosis and accumulation of brown-green pigment (ceroidlipofuscinosis). The anteriorly located structure contiguous with the bladder consisted of a dense fibrous capsule with absence of an epithelial lining and was interpreted as a pseudocyst.
There are several different syndromes of fat necrosis described in domestic animals, including steatitis (yellow-fat disease) in horses, pigs, cats, mink, and rabbits; pancreatitis; and abdominal fat necrosis in ruminants. 4, 6, 7 Steatitis is caused by a diet high in polyunsaturated fat and low in tocopherols (vitamin E), which allows for oxidation of fatty acids. 4 Vitamin E deficiency has not been linked to the abdominal fat necrosis typically seen in ruminants. Enzymatic necrosis of abdominal fat can also occur secondary to pancreatic necrosis. This lesion is attributed to the release of proteolytic and lipolytic enzymes from the necrotic pancreas. Small discrete foci of necrotic fat are identified, and the masses are generally confined to the peripancreatic fat, although sometimes they can be distributed throughout the abdominal cavity. 4 The pancreas of the goat in this case report was grossly and histologically normal.
Another type of massive abdominal fat necrosis is seen in cattle. This form of fat necrosis has been frequently reported in Channel Island breeds of cattle (Jersey and Guernsey) as well as Japanese Black cattle. 4, 12 This condition is often fatal because large masses of necrotic fat cause compression of the intestines, urinary tract, or pelvic canal. Clinical signs are most commonly due to intestinal obstruction because the gastrointestinal tract is compressed by the firm lumps of necrotic fat. Affected animals commonly exhibit anorexia, con- stipation, lethargy, and bloat, similar to the clinical signs seen in this case. This condition has been commonly referred to as lipomatosis because of the tumor-like nature of the necrotic fat in the abdomen; however, the lesions are not hyperplastic or neoplastic. Therefore, the term lipomatosis is now considered incorrect, and the term abdominal fat necrosis is preferred. 10, 19 The pathogenesis of abdominal fat necrosis in cattle is not fully understood, but there is evidence of both a genetic and a dietary cause in many cases. Feeding a diet high in saturated fats has been hypothesized to be the causative factor of abdominal fat necrosis in some cases because the fatty acid composition in adipose tissue from affected cattle shows an increase in saturated fatty acids, which are solid at body temperature, as compared with normal fat. 14 Likewise there may be a genetic predisposition for some breeds of cattle to have an increased percentage of saturated fatty acids compared with others.
Abdominal fat necrosis in cattle is also associated with the consumption of tall fescue forage infected with the endophytic fungus Neotyphodium coenophialum. 8, 13, 18, 22 Tall fescue (F. arundinacea) is considered the most abundant cool-season perennial grass in the United States. 17 This grass was introduced for livestock grazing in the 1940s and was not associated with problems until several decades later. Beginning in the 1970s, infection of tall fescue with the endophytic fungus N. coenophialum (formerly Acremonium coenophialum) has been associated with several conditions in cattle including gangrene of the hooves and tail (fescue foot); agalactia; abdominal fat necrosis; a nonspecific syndrome consisting of weight loss, decreased feed intake, and milk production; and increased body temperature and respiratory rate (summer syndrome). 3, 11 Two fescue samples were collected randomly from the goat's pasture and were submitted for endophyte analysis to the Plant Industry Division of the North Carolina Department of Agriculture. A seed stain test that detects the endophytic fungus 2 was performed, and the 2 samples were found to be 98% and 74% infected with N. coenophialum. Previous studies have shown that clinical signs of fescue toxicity can be seen when greater than 20% of the fescue is infected with N. coenophialum, and the summer syndrome and fat necrosis conditions are associated with endophyte infection rates of 65% or greater. 15, 16 Based on these results, chronic ingestion of endophyte-infected tall fescue was considered to be the most likely cause of abdominal fat necrosis in this goat, although other factors may have been involved.
Tall fescue is well known to cause vasoconstriction, 20 which leads to an increased body temperature in cattle during the summer syndrome of fescue toxicosis. 9 It has been suggested that this febrile period could lead to a change in fat composition that triggers a lipolytic process in an effort to return the affected cells to normal. 13 This lipolytic process then may ultimately be responsible for fat necrosis in cattle. Another study demonstrated decreases in serum cholesterol and total lipid concentrations in cattle grazing endophyteinfected fescue that developed fat necrosis. 18 The authors suggested that endophytic toxins directly altered lipid metabolism in ruminants, which was ultimately responsible for the lesions seen with fat necrosis. Despite these hypotheses the exact pathophysiology of endophyte-induced fat necrosis in ruminants remains unknown. This case represents the first known report of abdominal fat necrosis in a goat and also emphasizes the toxic potential of tall fescue in ruminants. Fescue should be considered potentially toxic to all ruminant species, including cattle, goats, sheep, 1,5 and deer. 23 Pastures intended for grazing of ruminants should be analyzed for the presence of N. coenophialum, and infection rates greater than 50% should be avoided if possible.
